Mobility as a service (MaaS) is a relatively new concept, which holds the promise for a paradigm shift in the provision of urban mobility. The concept of MaaS is to use a single app to access and pay for various transport modes within a city or beyond; and the app will give options to allow a traveller to select the most suitable transport mode. The concept of MaaS is enabled by the current mass uptake of smartphones and social media as well ubiquitous internet connection. By studying current applications of MaaS in Europe and US conditions of operation of MaaS have been summarised. Based on the necessary conditions, a checklist has been developed for potential developers of MaaS to assess if they can implement MaaS in a city. This paper also discusses challenges of implementation of MaaS and their potential impacts on urban mobility and societal changes.
Introduction
Traditionally, a traveller needs different tickets for different transport modes and/or different operators. In recent years, public transport operators have made considerable efforts to provide a single public transport ticket to allow a traveller to use public transport services from different transport operators in the same city or region. However, recently also many new transport service provisions have entered the market, such as bicycle sharing, car sharing and ride sharing. Usage of those new transport modes are accelerated by increasing concerns from users for sustainability and environment. In addition, changes in lifestyles of younger generations and people who choose to live in cities rather than the traditionally suburban life style, which depends on private car as the main transport mode. Owning a car is no longer a "must have" lifestyle choice, particularly in high income countries. Rocky Mountain Institute [1] forecasts that car ownership levels in the United States will peak around 2020 and will drop quickly after that. Car makers are capitalising on emerging business models to position themselves also as mobility service providers. Their business shifts towards car sharing services, e.g. Car2 Go from Daimler [2] and Drive Now from BMW [3] . Transport policy makers have tried for years to make public transport more attractive in order to enable modal shift from private cars. Such modal shift now has been realised mainly through new technologies.
Modern mobility should offer a high level of flexibility and convenience. In an UITP position paper 2011 [4] , the public transport operator association has already forecasted that combining various transport modes, e.g. car-sharing, taxi, shared taxis, bicycle and bike-sharing, car-pooling, demand-responsible transport can complement the classic fixed lined and routed public transport. The changes in personal mobility markets have presented great opportunities to urban mobility and new players, e.g. travel brokers, enter the market. Travel brokers have developed smartphone based apps to integrate available transport modes and to enable seamless multi-modal travel. Such an app offers its users one-stop access to a wide range of travel services through a single app. Such an app may simply just allow users to get information on various options and use the same account to pay the chosen service, e.g. Go Denver in US [5] . However, some apps are built up as a monthly subscription service when a user or a household decided their desired combination of transport and associated amount, such as UbiGo in Gothenburg, Sweden [6] . Mobility as a Service (MaaS) often refers to the latter one.
The changes in personal mobility markets also have shifted roles of public authorities. Public authorities are moving beyond its conventional role as infrastructure providers by enabling and promoting the mobility services of nonconventional providers. Public authorities and public transport companies are now using the services of new enterprises and new platforms in order to reduce the need for costly investments in new transport infrastructure, equipment and operation systems.
The Concept of MaaS
The monthly or yearly subscription of public transport, i.e. season ticket, is widely used in many cities and regions. Often, such season ticket offers unlimited use of various public transport services in a city or a region, e.g. commuter train, metro and bus, even though the public transport services may be provided by different operators. Daily, weekly and monthly subscription of bicycle sharing is also available. For example, Vélib in many French cities offers the monthly subscription with which a rental bicycle can be used free-of-charge for half hour per day [7] .
Some cities allow using pre-paid public transport cards to use other transport services, e.g. the public transport card, MetroCard, in Shanghai [8] can also be used to pay taxis. However, the monthly subscription of combination of various transport services not widely used yet. The revolution MaaS has brought to the personal mobility market is a monthly subscription combining various transport services. With a package of MaaS, a user can have e.g. unlimited usage of public transport, a number of taxi trips, a number of days using car rental, etc.
Such business model is inspired by the business model of the current personal communication market. In the old times, phone bills were paid based on usage.
Then mobile phone companies started to offer a package including a number of calls and texts. Now in Europe, some mobile phone companies offer a package including a number of calls, texts and usage of internet. There are subscriptions which cover local and roaming in other countries. MaaS simply takes the subscription model into the transport market.
Although current MaaS is still operated at a local level much effort is being made into turning MaaS as a global solution. MaaS Global, a company in Finland, has claimed that its App, Whim, is the first MaaS solution in the world [9] . Currently all available MaaS services target local residents, i.e. commuters, even though MaaS may offer great value also to visitors to a city. A visitor may feel difficulties to understand local public transport systems and to buy tickets.
Although Google map and other map providers offer information on public transport in most major cities worldwide, travellers, particularly business travellers often go for the easiest options, e.g. taking a taxi or renting a car, in an unfamiliar city. Taxi or car rental is not only expensive, in some cases, they may not be the best option, e.g. if the city is congested, has limited parking spaces or restrict access control. Thus, a traveller may find himself/herself in a stressful situation in a city even though the city has excellent public transport services.
There is a vision to enable a user to use the same app to travel in different cities worldwide and to have the same level of services as in the home city. Uber [10] has realised the vision for taxi services. A user of Uber can use the same app to call an Uber car in anywhere in the world where Uber services are available without being worried about costs and different currency. To realise the vision of global availability for MaaS, the MaaS Alliance [11] has been created in 2015, which is a public-private partnership, aiming to creating the foundation for the mass market uptake of MaaS in Europe and beyond. Much of the current work of the MaaS Alliance is focused on openness and interoperability of data, roaming cost, billing and clearing, business rules of different actors.
The Conditions to Operating MaaS
Despite different business models, implementing and operating a MaaS service requires a single identity for a user, open data and open payment methods from various transport modes. If a transport operator is not willing to use third party's payment to buy its ticket or to not allow third party to sale its tickets on their behalf services of the transport operators cannot be included in MaaS. In many countries public transport tickets have been heavily regulated and no third party is allowed to sell tickets rather than the operator itself. Within such legal framework, integrated ticketing of various modes may not be possible, thus MaaS is also not feasible.
Operating MaaS requires a single identity for a traveller to travel with different modes. This is not a new concept. In the air transport sector, a paper ticket or a physical ticket had disappeared for years. An air traveller uses his/her identity to access air transport services without carrying any physical tickets. Since air travel requires ID documents for security reason, such ticketless travelling is a consequence of the nature of the air travel. In recent years, railway ticketing also has been upgraded to electronic ticketing, although paper tickets are still in use. A railway passenger can buy a railway ticket and save the QR data on a smartphone which can be inspected by train conductors. Some train companies, e.g. Thalys, an international high speed train operator in Europe, offers its passengers to book and travel using their frequent traveller cards only. Yet most surface transport modes in cities do not require a user to carry ID while travelling, using single identity for traveller may be challenging. However, very often people say that "they often forget their public transport cards but they rarely forget their mobile phones" [12] . In another word, smart phones have become people's new "ID". Therefore, using the new "ID" to travel through different transport modes in a city is feasible.
There are some basic conditions which must be met in order to develop and operate MaaS. Conditions to operating MaaS in a city may be summarised as below:
• A wide range of transport modes are available in the city;
• Majority of the transport operators a open their data including real-time data to a third party;
• Majority of the transport operators allow a third party to sell their service;
• Majority of the transport operators offer e-ticket or e-payment to access their services.
MaaS would only be operated in a city when the city offers different transport modes. Since public transport still is at the centre of MaaS, a city must have adequate public transport services to allow users to travel in the city easily without having to own a car. In another word, MaaS may only be operated in a place where users are willing to move away from car-dependent daily transport. That is often in a city where public transport services are already quite good and many residents do not see the essentials of owning a car. Some earlier trials, e.g.
UbiGo, aimed to encourage modal shifts. However, Gothenburg is a city which offers great public transport services and sustainable urban mobility is at the centre of the city's transport policy. The transport policy and city's existing transport services have prepared the ground for the implementation of UbiGo.
MaaS is seen as an alternative choice to owning a car while enjoying equally convenient transport services. MaaS may also be used in lower income countries to provide mobility solutions to those who cannot afford owning a car. The following Figure 2 shows a checklist to analyse if a MaaS can be implemented in a city. A MaaS service in a city may be initiated by the local authority of the city as an instrument to make urban mobility in the city more sustainable.
However, MaaS may also be operated in a city without official supports of the local authorities when the basic conditions mentioned above have been met. choose sustainable transport modes rather than using private cars. Researchers in Gothenburg have concluded that 93% of participants were satisfied with their travel and 97% wanted to continue using UbiGo [15] . There are increasing concerns about competitiveness of the MaaS market.
Discussions on Potential Challenges of MaaS
Currently, MaaS is still operated at a local level. When MaaS is extended to the global market, SMEs that are in the travel information and app services may face unfair competitions from big players. MaaS may also be a threat to innovation in the urban mobility market, which has seen many innovative solutions in the past few years. As sharing economy may continue to play an important role in many aspects of daily life, sharing economy in the mobility market will continue to influence people's choice of transport modes. While current MaaS does include car-sharing and ride-sharing in its services the growing new transport modes of the sharing economy will have impacts on the future MaaS market.
Policy Framework for Implementation of MaaS
Open data and use of ICT in urban services have been policies of many cities within the policy framework of smart cities. In the transport service market, integration of data and payments from various transport modes will improve further. Therefore, the foundation of implementation of MaaS will exist in many cities. However, implementation of MaaS in a city may face challenges in the financial aspect. Many cities subsidise their public transport services. If MaaS would make profits from its monthly subscriptions, it may not be able to make profits from sale of public transport tickets. If MaaS would make profits from sale of public transport tickets public transport companies may receive less incomes from users which would require more government subsidies. Government policy will have to define the business model of MaaS regarding public transport services.
In addition, many employers offer free public transport passes for their employees when they commute by public transport. Such passes may cover train if an employee lives in a suburban area and uses public transport. Often the employers/ employees can receive tax reduction for the commuting cost. If an employee would choose MaaS instead of a public transport pass, the employee may not be able to obtain the same subsidy or tax reduction. Therefore only when MaaS is identified by the local authorities as a type of sustainable transport mode with the same policy for government subsidy or tax reduction as other public transport modes, MaaS can be implemented in a city where subsidy and tax reduction is offered to those who commute by public transport.
Discussion of MaaS's Roles in Future Mobility
Currently MaaS targets young customers who use smartphones for information and payment. Benefits of MaaS in the ageing society have not been studied.
Contrary to current targeted customers, the authors believe that MaaS would benefit elderly travellers more than younger ones. MaaS may be a good solution to meet travel demands of the aging society. Current research has shown more than 60% of elderly people in the UK own smart phones [17] . This is the first generation of elderly people who are used to smart phones and internet. Thus they will continue to use smartphones for their travel needs. A one-stop solution to access and pay for all types of transport modes would thus be an excellent solution for elderly travellers. Research also has shown that elderly travellers conduct more long trips [17] than younger ones. Therefore, MaaS covering home cities as well as oversea destinations would be welcome to elderly travellers who frequently travel abroad. In addition, MaaS may be seen as a travel companion that offers security and safety services at the same time. This can offer independence to elderly citizens, which is an important factor for enhancing quality of life.
In addition to all the previously mentioned reasons for moving to MaaS, the shift to a truly integrated shared mobility ecosystem will facilitate the transition to shared automated mobility. MaaS may be only fully realised when automated vehicles are available. Although automated vehicles have many potential benefits such as enhanced safety and efficiency, improved comfort and convenience levels for travellers and improved social inclusions, there is a possibility of increasing Vehicle Km Travelled (VKT) when using automated vehicles as personal vehicles, resulting in increasing congestion and energy consumption. Automated vehicles have been tested in Singapore as a Demand Responsive Transport solution [17] . Automated MaaS (A MaaS) will offer a great alternative to personal cars and will maximise the benefits of automated vehicles.
Conclusions
Personal urban mobility has been changed towards a smartphone, e-ticket and app based market. There are many new urban mobility solutions available which are sustainable such as ride sharing and car sharing. Often such solutions are enabled by updates of smartphone apps and ubiquitous internet connection. 
